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Non-technical summary
Over the last decade, industrialized economies have experienced a dramatic increase in their expenditures on information and communication technologies (ICT) and there is broad evidence indicating that the adoption of ICT has contributed significantly to their productivity growth. The main argument behind the positive impact of ICT on productivity states that the use of ICT allows firms to redesign their production processes and to introduce new products and services. At the same time, due to the increasing complexity of ICT solutions, the capabilities at the firm level to successfully implement state-of-the-art ICT applications might be insufficient. As a consequence, it is not surprising that the demand for ICT consulting services has also evidenced a steady growth in the last years.
This paper analyzes the impact of ICT consulting on firms' performance. The analysis is divided in two main parts. First, the paper develops a theoretical model that explains the effect of the decision to contract ICT consulting on firms' performance and, more specifically, on firms' innovation incentives considering a pool of heterogeneous firms. Second, using a firm-level representative sample of the German manufacturing and service sectors, the paper empirically analyzes some implications of the theoretical model.
The analysis provides three main results. First, the results of the theoretical model show that ICT consulting increases aggregate incentives to innovate. This result is not corroborated by the empirical application. In particular, ICT consulting does not exhibit any impact on the probability of introducing product or process innovations nor on the number of such innovations. Interestingly, the results show that ICT consulting actually affects negatively the value of the introduced product and processes innovation. Second, the theoretical model suggests that low productivity firms might evidence either lower, unaffected or higher incentives to innovate. The empirical application shows that low productivity firms exhibit higher incentives to innovate. Third, although the theoretical analysis shows that the lower the productivity level the more the incentives to contract ICT consulting, the empirical evidence is inconclusive on this matter. These results suggest that firms optimize their innovations portfolio through ICT consulting.
Introduction
Over the last decade, industrialized economies have experienced a dramatic increase in their expenditures on information and communication technologies (ICT) and there is broad evidence indicating that the adoption of ICT has contributed significantly to their productivity growth. 1 The main argument behind the positive impact of ICT on productivity states that the use of ICT allows firms to redesign their production processes and to introduce new products and services. 2 At the same time, due to the increasing complexity of ICT solutions, the capabilities at the firm level to successfully implement state-of-the-art ICT applications might be insufficient to exploit their full potential. As a consequence, it is not surprising that the demand for ICT consulting services has also evidenced a steady growth in the last years. For instance, in 2007, nearly 22 percent of the 16.4 billion euros German consulting market was ICT related. 3 This paper analyzes the impact of ICT consulting on firms' performance. In spite of the relevance and apparent recent economic importance of ICT consulting, this paper represents a first attempt to quantify its economic benefits. The analysis is divided in two main parts. First, the paper develops a theoretical model that explains the effect of the decision to contract ICT consulting on firms' performance and, more specifically, on firms' innovation incentives. Second, using a firm-level representative sample of the German manufacturing and service sectors, the paper empirically analyzes some implications of the theoretical model. Particular focus is placed on whether ICT consulting affects the innovative capabilities of the analyzed firms, based on the insights provided by the theoretical model. The paper is related with several strands of literature. First, on the theoretical side, the decision to contract ICT consulting is similar to the literature on outsourcing and vertical integration. 4 In this literature, a (downstream) firm must decide whether to acquire a given input through the market (e.g. from an upstream firm) or to produce it internally (e.g. integrate with the upstream firm). 5 In particular, Brocas (2003) , Banerjee and Lin (2003) and Buehler and Schmutzler (2008) consider the firms' innovation incentives in a downstream-upstream framework in which the downstream firms must decide whether to vertically integrate or not with their upstream input providers. Brocas (2003) specifically analyzes the innovation incentives of the upstream firms that invest in R&D and the subsequent process of licensing of the resulting innovations. In particular, Brocas (2003) studies the impact of vertical integration on the licensing and R&D investment decisions. Banerjee and Lin (2003) also consider a downstream-upstream setup in which, as opposed to Brocas (2003) , the downstream firms invests in R&D. In that paper, the authors consider the role of different input price contracts offered by the upstream firms and the role of vertical integration between them and the downstream firms. Buehler and Schmutzler (2008) present a similar analysis to the one presented in Banerjee and Lin (2003) but embed the analysis into a successive oligopoly framework. The authors do not consider the form of the input pricing contracts. Instead, they analyze the role of competition in the upstream market for the R&D incentives of the downstream firms and the impact of the eventual vertical integration decisions. Although the modeling strategy is similar, the theoretical framework proposed here does not explicitly consider the structure of the upstream market. Instead, this paper focuses on the interaction between firm asymmetries and the potential benefits of the ICT consulting decision. Second, and in comparison with the existing empirical work, this paper is also related with the voluminous literature on the productivity impact of ICT. Draca et al. (2007) provide a comprehensive survey on the relationship between ICT and productivity, and conclude that the empirical evidence strongly suggests that ICT have had a positive and robust impact on firms' productivity. Although the present paper highlights some preliminary results on the positive impact that ICT and ICT consulting might have on firms' observed productivity, the empirical analysis presented here is focused on the impact of ICT consulting on firms' innovative capabilities.
The current analysis departs from most of the literature reviewed by Draca et al. (2007) by considering the role of an oligopolistic setup based on the literature previously described. As will be discussed below, an oligopolistic setup is motivated by the observation that 75% of the sampled firms reported facing less than twenty competitors, while 50% reported less than seven. By deviating from the traditional neoclassical approach, the present paper is able to consider the role of intra-industry competitive pressure faced by firms, and the role of ICT as a source of competitive advantage, as highlighted by some recent literature.
Therefore, and third, this paper is also related with the literature on the impact that the adoption of ICT might have on industry evolution. Given the role of ICT as enabling technologies, there is a growing body of literature showing that their implementation is a complex, dynamic task. This process tends to be gradual, starting with a negligible restructuring of inputs of production and followed over time by continuous reorganization and expansions at the firm level. As some firms in this process reap the benefits of ICT sooner (and better) than others, ICT represent a source of firm heterogeneity that might generate important competitive advantages. Theoretically, Helpman (1998) summarizes the seminal treatments of the impact of ICT as general purpose technologies (GPT), on the technological progress of the overall economy. 6
Empirically, Chun et al. (2007) estimate the positive impact of ICT use on firm heterogeneity for a panel of U.S. firms from 1971 to 2000. They find evidence of creative destruction (i.e. increased competition) at the firm level due to the implementation of ICT. That is, through their use of ICT, more productive firms displace less productive firms. Cerquera and Klein (2008) empirically demonstrates that ICT has a robust impact on firm heterogeneity only when ICT is used intensively and jointly with specific ICT applications. Moreover, ICT induced heterogeneity is shown to have a positive impact on the decision to invest in R&D personnel. Theoretically, this paper captures this competitive effect by means of an oligopolistic setup. The present analysis considers the role of firm asymmetries (i.e. heterogeneity) in the form of marginal cost differences and develops, theoretically and empirically, their interaction with the decision to contract ICT consulting.
More specifically, this paper proposes a model of oligopolistic competition and explicitly considers the decision to contract ICT consulting and the incentives to invest in cost-reducing R&D. More specifically, the model describes an industry that evolves through three stages. In the first stage, the ICT consulting decision is taken, considering the potential benefits attached to the role of the consultant. The second stage describes the investment in R&D in order to reduce operation costs. Finally, in the third stage, firms compete in the product market given the realized benefits from the ICT consulting decision and the R&D investments.
In addition, the empirical implications of the model, in terms of the impact on innovation incentives of the ICT consulting decisions, are derived and estimated using a representative firm-level sample of the German manufacturing and service sectors. The analysis provides three main results. First, the results of the theoretical model show that ICT consulting increases aggregate incentives to innovate. This result is not corroborated by the empirical application. In particular, ICT consulting does not exhibit any impact on the probability of introducing product or process innovations nor on the number of such innovations. Interestingly, the results show that ICT consulting actually affects negatively the value of the introduced product and processes innovation.
Second, the theoretical model suggests that low productivity firms might evidence either lower, unaffected or higher incentives to innovate. The empirical application shows that low productivity firms exhibit higher incentives to innovate. Third, although the theoretical analysis shows that the lower the productivity level the more the incentives to contract ICT consulting, the empirical evidence is inconclusive on this matter. These results suggest that firms optimize their innovations portfolio through ICT consulting.
The paper is organized as follows. The second section presents a theoretical model that considers the decision to contract ICT consulting in an oligopolistic setup in the presence of R&D investments. After the model is analyzed, the main empirical implications with respect to the innovative behavior are derived. The third section presents a description of the data and the empirical analysis of the empirical implications derived from the theoretical framework. The fourth section concludes.
The Model
In this section, the paper develops a theoretical model that considers the decision to contract ICT consulting, as well as the decision to invest in R&D investments. In particular, the model corresponds to a duopoly game in order to account for the strategic motives to contract ICT consulting and to invest in cost-reducing innovations. The model describes an industry that evolves through three stages. In the first stage, the ICT consulting decision is taken, considering the potential benefits attached to the role of the consultant. The second stage describes the investment in R&D in order to reduce operation costs. Finally, in the third stage, firms compete in the product market given the realized benefits from the ICT consulting decision and the R&D investments.
Setup
The model considers a simplified duopoly industry that competes in Cournot quantities, although a generalization to an n number of firms is straightforward. In particular, it is assumed that firms compete under (initially given) asymmetric cost structures in order to investigate the impact of the ICT consulting decision across a pool of heterogeneous firms. This asymmetry is modeled in a way that allows to exactly identify its impact and to make it comparable with a symmetric standard case.
Initially, it is also assumed that only one firm decides on whether to contract ICT consulting or not. This assumption allows the analysis of the impact on the strategic motives of the industry under study and significantly reduces the number of cases to be considered. The industry faces a linear inverse demand curve of the form P (Q) = a − Q, with Q = q 1 + q 2 and a > 0, while its firms exhibit marginal costs of the form: 7
In this specification, c corresponds to an initially given (symmetric) marginal costs, δ represents the source of the imposed asymmetry between the two firms and I summarizes the impact of the consulting decision. Note that firm 1 is assumed to be a less productive firm (i.e. marginal costs are higher by δ) in comparison with its competitor, firm 2. This specification also implies that the benefits of the ICT consulting are assumed to take the form of a reduction in marginal costs. 8 Finally, y 1 and y 2 represent the reduction of costs due to the firms' own R&D investments. Note that for simplicity y 1 and y 2 are not multiplied by any coefficient measuring the extent of their impact. 9
In the first stage, firm 1 has to decide whether to contract ICT consulting or not. That is, I is represented by,
In this specification, w constitutes the impact on marginal costs associated with the ICT consulting decision, while θ is a parameter that measures the extent of such impact. For simplicity, it is assumed that this decision implies an investment in the form of a fixed cost of operation given by f . 10 Therefore, given initial marginal costs and R&D investments, firm 1 evaluates whether the incremental benefit in profits (if any) from ICT consulting is greater than its introduction cost f .
In the second stage, both firms invest in R&D in order to improve their marginal costs of operation. It is assumed that the translation from R&D investments into actual process innovations is deterministic and one-to-one, although a stochastic extension is straightforward.
demand functions in duopoly Cournot models. These demand functions can be derived from a quadratic utility function. See Singh and Vives (1984) .
This implies that R&D incentives are equal to the reduction in marginal costs. It is further assumed that these investments exhibit a cost equal to ky 2 i for i = 1, 2, where k is a cost parameter. 11
Finally, in the third stage, and once the outcome of the ICT consulting and the R&D investments is realized, firms compete in Cournot fashion in the product market. Since the approach looks for the subgame-perfect Nash equilibrium, the analysis of the model begins with the last stage of the game.
Stage 3: Product Market Competition
In this stage, marginal costs are taken as given. These costs are dependent on the level of the initial asymmetries, investments in R&D and consulting decisions that are defined in the first two stages. Therefore, for i = 1, 2 and i = j, firms choose quantities in order to maximize the following profits:
(
The case where firm 1 decides to contract ICT consulting is considered first and, as mentioned above, firm 1 is a less productive firm. 12 Therefore, under this specification, marginal costs are given by:
Assumption 1 implies that ICT consulting is always successful. That is, once it is contracted, ICT consulting unambiguously provides a reduction in marginal costs. This assumption reduces the number of cases to be considered and it is in line with some empirical evidence. 13 After solving the profit maximization problem, equilibrium Cournot quantities are given by 11 There is little empirical evidence on the functional form of the cost structure of R&D programs. The adopted specification is motivated by its convenience and predominance in existing theoretical literature.
12 Note that the subgame when firm 1 decides not to contract ICT consulting is equivalent to a symmetric Cournot game.
13 In the data used for the empirical applications (and described in the next section) the majority of respondents indicated that the contracted ICT consulting was successful.
In this expression, q * 1 (y 1 , y 2 ) and q * 2 (y 1 , y 2 ) correspond to the optimal quantities in the twostage R&D Cournot game for the cases where there are no cost asymmetries. This allows the analysis to exactly identify the role of firms' heterogeneity and the consulting decision.
Assumption 2. Given investment levels (y 1 , y 2 ), both firms produce, in equilibrium, positive quantities.
Assumption 2 requires that the equilibrium price is higher than the maximum (equilibrium) marginal cost between the two firms and, in consequence, imposes also restrictions on the optimal investment levels to be derived in the next stage. 14 These conditions can be achieved if a and a − c are large enough. Although this assumption can be easily relaxed, it is maintained in order to develop testable hypotheses, while considering a small number of cases. In the next subsection, the result of the investment stage is presented.
Stage 2: R&D Investments
The previous subsection presented the outcome of the product market competition, taking as given the incentives to innovate. In this subsection the R&D investment levels that, from the firms' perspective maximize their profits, are calculated. In consequence, for i = 1, 2 and i = j, firms maximize profits of the form:
For simplicity, the cost parameter k is set equal to one. It is possible to consider k as a free 14 See Assumption 3.
parameter but, as long as k is not too low, the results do not change. 15
After calculating the first order conditions, and checking second order conditions, equilibrium investments are given by:
As in the previous stage, y * correspond to the symmetric R&D investment that would be observed in the absence of any cost asymmetry. Note that in this case the introduction of ICT consulting provides an investment incentive for firm 1. This result follows from the deterministic nature of the assumed R&D technology. In particular, any factor that affects profits positively will have a positive impact on innovation incentives. 16 Interestingly, the results of this stage show that the additional incentives provided by the contracting of ICT consulting can be reduced, and actually overcompensated, by the level of asymmetry initially assumed. 17 Assumption 3. Both firms exhibit in equilibrium positive investments in R&D.
Jointly with the second order conditions, Assumption 3 implies that equilibrium investments are interior solutions. As with Assumption 2, this requires that a and a − c are large enough. In the next subsection, the consulting decision of firm 1 is considered.
Stage 1: Consulting Decision
Given the analysis of the product market competition and the innovation incentives, this stage determines the conditions under which firm 1 will find it optimal to contract ICT consulting.
15 Setting k = 1 guarantees that the conditions on the second order conditions for an optimal R&D level are met.
16 See Reinganum (1989) . 17 Although adopting a stochastic R&D specification might enrich the results, the basic results tend to be maintained. See Milstein and Tishler (2008) . A more general specification is the objective of ongoing research.
In addition, an assessment of the impact of firm 1 decision on overall industry performance can be provided.
From the previous subsections, substituting equations (4), (5), (7) and (8) in equations (2), (3) and (1) the following expressions for firms' profit can be obtained:
Note that, gross of consulting costs, ICT consulting positively affects the profits of firm 1 more than it negatively impacts the profits of firm 2. Let ∆Π c i,j define the difference between the two firms' profits, gross of consulting costs. Then, the contracting of ICT consulting by firm 1 increases overall industry profits if the following holds:
In addition, it can also be shown that the difference in profits of firm 1 with and without consulting is given by:
Therefore, firm 1 will contract ICT consulting if and only if
Moreover, equation (12) shows that the higher the initial cost asymmetry against firm 1, the higher the incentives to contract ICT Consulting. The next subsection presents a summary of the results in order to develop testable hypotheses.
Equilibrium Characterization
According to the results presented in the previous sections, the following equations completely characterize the Cournot equilibrium. That is:
Where q * and Q * represent the symmetric Cournot equilibrium quantities and are equal to q * = 3(a − c)/7 and Q * = 6(a − c)/7, respectively. In addition, equations (7)- (10) presented before correspond to the equilibrium R&D investments and profits of the two firms. Equation (17) is the equilibrium expression for consumer surplus.
In addition, the following result summarizes some interesting properties of the proposed model and represents the basis for the empirical strategy of the following section. Lemma 1. Properties i. Equilibrium investment incentives (i.e. value of innovations) are decreasing in the firm's own costs and increasing in firm's competitor's costs.
ii. Under Assumption 1 (i.e. successful ICT consulting) overall industry innovation level increases.
iii. For f ≤ f and successful ICT consulting overall industry profits increase.
iv. Consumer surplus unambiguously increases in the presence of successful consulting.
Proof: Numeral i. can be obtained by taking the derivatives of equations (7) and (8) with respect to cost parameters c, δ and θw. Numeral ii. follows by adding equations (7) and (8), and comparing the cases θw = 0 and θw ≥ 0. Numeral iii. is derived in equation (11). Numeral iv. follows immediately from equations (16) and (17).
As mentioned above, the results presented so far can be translated into testable hypotheses. This is summarized in the next subsection.
Empirical Implications
This subsection summarizes some empirical implications of the theoretical results presented before and translate them into testable hypotheses according to the available data. In addition, it discusses alternative strategies in order to evaluate the intuition for the results to motivate further empirical analysis. In particular, there are three main predictions of the model. These can be summarized as follows:
1. ICT consulting increases the incentives to innovate whenever its costs are low 2. Low productivity firms might evidence either lower, unaffected or higher incentives to innovate 3. The lower the productivity level the more the incentives to contract ICT consulting
The first hypothesis is in line with the literature on ICT adoption and highlights the potential of ICT to allow the introduction of more efficient production technologies. Along the lines of the theoretical model, note that ICT consulting increases industry profits whenever its costs are low (i.e. when equation (11) holds). Moreover, adding up the equilibrium R&D investments of the two firms for the case of low costs of ICT consulting, it is clear that contracting ICT consulting increases aggregate incentives to innovate.
The second hypothesis highlights the cost dimension of the innovation processes. In particular, it is expected that low productivity firms (i.e. firm 1) reorganize and optimize their innovation portfolio. However, whether this implies less or more innovations is an empirical questions tackled in the next section. More specifically, note that for δ ≤ 3θω 7 it is always the case that y * 1 > y * 2 , while for δ ≥ 4θω 7 , y * 1 < y * 2 holds.
The third hypothesis motivates the decision to contract ICT consulting. As firms expect to benefit from the introduction of new ICT, low productivity firms might benefit more from such decision. This hypothesis is derived from taking the derivative of equation (12) with respect to δ.
In addition, the impact that firms' size, economic sector and the intensity of ICT use might have on the results are considered. In particular, firms that depend more on ICT for their normal operations (i.e. ICT intensive firms) might evidence a stronger impact from the decision to contract ICT consulting. The next section presents the data and the specific empirical strategy of the paper.
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This section presents the analysis of the impact of ICT consulting on firms' performance. The analysis is divided in two parts. First, the available data is described and some descriptive statistics are presented. Second, the analysis attempts to uncover the impact of ICT consulting on the innovative capabilities of the studied firms, taking into account the insights from the theoretical model developed above. In addition, the paper briefly discusses some preliminary additional results that support its main conclusions.
Data
The analysis is based on two waves of a business survey carried out by the Centre for European Economic Research (ZEW) corresponding to the years 2003 and 2006 (ZEW ICT Survey) . The data set is a representative sample of the German manufacturing and service sector, and contains detailed information on the economic characteristics, performance and ICT use for 4,400 firms in each wave. Table 1 provides some descriptive statistics. In general, and in line with similar data sets at the firm level, the surveyed firms evidence a great variability with respect to sales (in millions euros), number of employees and labor productivity calculated as the ratio between sales and number of employees. In addition, the empirical distribution of the reported sales, as well as the number of employees appear to be left skewed. The median size of the surveyed firm corresponds to 50 employees, whereas the average is about 337.7 employees. This indicates the presence of few very large companies in the data.
Analogously, the median value of sales is 7 millions with an average of 131.7 millions. The same also holds for the distribution of labor productivity where the median and the mean are 0.13 and 0.24 millions per employee, respectively. This skewness present in the distributions of the reported data is consistent with empirical analyses at the firm level. Table 1 also includes information about the use and intensity of ICT. The intensity in the use of ICT is measured by the percentage of employees working mainly with a PC (PCW) and is nearly equally distributed around the different percentiles. In addition, the data also provides information about different ICT software applications, namely enterprise resource planning (ERP), supply chain management (SCM) and customer relationship management (CRM). Table 2 shows how the use of these different ICT applications are related with different firm characteristics. These firm characteristics (e.g. sales and number of employees) vary if the firm uses ICT more intensively than the median (i.e. PCW greater than 50%) or introduced ICT applications. Specifically, the table shows that the intense use of ICT, as well as the introduction of different ICT applications, is correlated with higher firm performance in terms of sales, number of employees and labor productivity. However, it should be noted that standard deviations are high through all the data, which indicates a high level of heterogeneity.
For example, the surveyed firms evidence 338 employees on average, whereas companies using ERP, SCM or CRM tend to be larger with 518, 518 and 627 average number of employees, respectively. The same can be observed in terms of sales. Firms using ICT applications or using ICT more intensively were more likely to exhibit higher sales. The average level of sales over all firms is 131.7 millions euros, whereas companies using CRM, SCM or ERP evidence 205.9, 222.8 and 209.2 millions, respectively. In general, these statistics show that firms using ICT more intensively tend to be larger than their counterparts.
Moreover, firms that use ICT more intensively and that introduce ICT applications do not only tend to be larger, but more efficient than other firms. In terms labor productivity (i.e. ration of sales and number of employees), it can be seen that the average is 0.24 million euros per employee. This is higher for firms using ICT more extensively. Specifically, companies using ICT more intensively (i.e. PCW greater than 50%) exhibit a labor productivity of 0.31 millions euro per employee. Moreover, companies using CRM exhibit on average 0.27 millions euro per employee, while those using SCM and ERP evidence 0.26 millions and 0.27 millions per employee, respectively.
In addition to these general characteristics, the data also contains information regarding the innovation activities of the sampled firms. For instance, as a proxy for innovation incentives, the data contain information on the fraction of employees working on R&D activities in 2006 (i.e. R&D intensity). The mean value of this variable is 0.17 with a median equal to 0.09, indicating a left-skewed distribution.
Information on innovation outputs is also available. This includes dummy variables indicating whether the firm introduced product or process innovations during the periods 2001-2003 and 2004-2006 The measure of ICT intensity, percentage of employees working with a PC (PCW), is positively correlated to all measures of innovation. This does not hold for the ICT applications considered. ERP use is related to a slightly higher amount of cost reductions with process innovations, while sales with product innovation slightly decreases from 27.4% to 25.8%. The fraction of employees working on R&D activities, however, is decreasing from 21.7% to 14.9%. This is different for the case of CRM use. Sales with product innovations, cost reductions with 13 process innovations and R&D intensity are positively related.
The previous descriptive evidence might suggest that size has an important impact on the decision to contract external ICT consulting. This could be the case because larger firms might be more able to afford the costs associated with such consulting. At the same time, firms that are more ICT intensive, rely more heavily on automated business processes and, therefore, require an updated ICT infrastructure. As a consequence, and given the role of ICT as an enabler of innovations, it is not surprising that firms that contracted ICT consulting are more productive.
However, the previous brief descriptive analysis does not take into account the impact of additional factors and does not allow the assessment of the potential (and causal) impact of ICT consulting on firms' overall performance. This is the objective of the next subsection, paying particular attention to the impact of ICT consulting on firms' innovative capabilities.
Empirical Strategy
The objective of the estimation of the average treatment effect (ATE) is to evaluate the impact of a given policy on a prespecified population for an outcome of interest. For the case considered in the present paper, the policy corresponds to the contracting of ICT consulting, the population is the German manufacturing and service sector, while the outcome of interest are the innovative capabilities of the German firms. The estimation of the ATE is equivalent to consider the difference in the innovative behavior between firms that contracted ICT consulting and the innovative behavior of those same firms, assuming, hypothetically, that they had not contracted ICT consulting.
As it has been clear in the literature, the problem with the estimation of ATE arises because for each firm only one potential case is observed: either it contracted ICT consulting or it did not. Therefore, the objective of the estimation of ATE is to build the counterfactual, unobserved case. Following Wooldridge (2008) , this paper estimates the ATE considering three main specifications. First, the case of homogeneous treatment effect is considered. That is, it is assumed that all firms in the sample are affected equally by the contracting of ICT consulting and the objective is to recover the average impact. Second, the analysis considers the case of introducing unobserved firm heterogeneity. In this case, the assumption of equal impact of ICT consulting across firms is discharged. Under this specification, it is possible to identify the ATE, while simultaneously estimating the joint impact of ICT consulting on observable variables. Third, the case of correlated random coefficients is also considered. That is, the case where the ATE can be correlated with unobserved heterogeneity. Under this specification, the case of homogeneous and heterogeneous ATE can be considered. The following presentation summarizes the adopted approach.
Let w i be a dichotomous variable indicating whether firm i contracted ICT consulting, in which case w i = 1, or not (i.e. w i = 0). y i 0 corresponds in the present analysis to the innovative activity of firm i, given the contracting of ICT consulting, while y i 0 is the innovative activity of firm i without the contracting of ICT consulting and the ATE of interest is AT E ≡ E[y 1 − y 0 |x], where x are observable variables. 18 However, note that for each firm i only one of the possible outcomes is observed. That is, depending on w i , either y i 0 or y i 1 is observed.
Dropping firm indexes and assuming w i = w = 1 if ICT consulting is contracted (with w i = (1 − w) = 0 if ICT consulting is not contracted), the observed outcome y is equal to:
As shown by Wooldridge (2002) , it is useful to decompose the counterfactual outcomes into their means and stochastic parts. That is, y 0 = µ 0 + υ 0 and y 1 = µ 1 + υ 1 , where, E[υ 0 ] = 0 and E[υ 1 ] = 0. The derivation of the three specifications mentioned above depends on the assumptions made on the stochastic components of the counterfactual outcomes. That is, under E[υ 0 |x] = E[υ 1 |x] it can be shown that the ATE can be identified and corresponds to the homogeneous case. As expected, under E[υ 0 |x] = E[υ 1 |x] and assumptions provided by Wooldridge (2002) the ATE can also be identified when unobserved heterogeneity is considered. Finally, the case of the ATE in the correlated random coefficients model considered in Wooldridge (2008) implies that the treatment variable w interacts with unobserved heterogeneity, and the treatment variable w and the unobserved heterogeneity are correlated. Moreover, following the conditions presented in Wooldridge (2002 Wooldridge ( , 2008 , the estimating equations can be derived and are equal to:
In the previous specifications, the parameter α j (for j = 1, 2, 3, 4) corresponds to the ATE for each case and can be consistently estimated. More specifically, α 1 corresponds to the homogeneous ATE, α 2 is the ATE accounting for unobserved heterogeneity of treatment, and α 3 and α 4 identify the ATE under correlated random coefficients for the cases of homogeneous and heterogeneous treatments, respectively. 19 .Moreover, under endogeneity of treatment, equations (19)- (22) can be estimated by instrumental variables assuming E[e j |x, z] = 0 for j = 1, 2, 3, 4 given available instruments z. 20
In this specifications from equations (19)- (22) (19)-(22). 21 w i,t−1 corresponds to the binary (0, 1) decision to contract ICT consulting by firm i at time t − 1. In this case, t − 1 = 2003 in order to reduce the potential endogeneity (to be discussed below) in this contracting decision. x include firm specific and economic sector control variables that affect the operations of the firm and/or the decision to contract ICT consulting. In particular, X incorporates firm specific variables such as the intensity of ICT use or PCW (i.e. % of employees that work mainly with a PC) , the type of ICT applications (i.e. ERP, SCM and CRM), the natural logarithm of the number of employees as a measure of size. All these variables correspond to the year 2003. On a more aggregated level, X also includes a service sector specific dummy variable and whether the firm was located in eastern or western Germany. In addition, a set of dummy variables that specifies whether firm i belongs to a particular interval of the support of the labor productivity distribution for t − 1 = 2003 was also included.
As stated above, the role of ICT as enabling technologies, jointly with the assumption that ICT consulting is aimed at improving the general environment inside the firm, implies that some unobserved factors inside the innovative process might be correlated with the decision to contract ICT consulting. For this reason, the analysis follows an ordinary least squares, as well as an instrumental variables approach to account for the potential endogeneity present in the ICT consulting decision. In particular, the empirical strategy controls for the potential endogeneity of the decision to contract ICT consulting in two different ways. First, when possible, the analysis includes lagged explanatory variables whose effects are, hopefully, internalize by the time the dependent variable y i,t is sampled. Second, the binary variable corresponding to the ICT consulting decision is instrumented with a binary (0, 1) variable that states whether the firm in question contracted ICT-related consulting in the year 2000 to evaluate the potential costs associated with the Y2K Millenium-Bug.
This instrument is expected to be (and it actually is) significantly correlated with the decision to contract ICT consulting in the year 2003. In particular, both variables tend to exhibit a value of 1 for firms that are ICT intensive and were more exposed to the Millenium-Bug and, potentially, to updating needs in their ICT infrastructure. However, the impact of the Y2K consulting decision on innovation incentives and/or productivity should be fully internalized by the year 2003 when the ICT consulting decision was made. An additional variable describing the presence of a work council in the firm was also considered as an instrument. In particular, work councils allow for a more direct participation of the employees in the relevant decisions of the German companies. Work councils might influence organizational decisions inside the firm as the contracting of ICT consulting, specially if employees consider a consultant as a threat (e.g. supporting outsourcing strategies). However, the decision of establishing a work council go back in time and is completely independent of the ICT consulting decision taken in 2003. Table 3 presents some descriptive information, taking in two account the instrumental variables. Endogeneity tests (e.g. Hausman test) were also successfully performed in order to check the validity of the instrumental variables approach. Table 4 presents the results of the average treatment effect of the contracting of ICT consulting in 2003 on the percentage of sales reported in 2006 that are derived from the product innovations introduced during the period 2004-2006 as a measure of innovative output. Column 1 reports the results from the benchmark OLS estimations. As can be seen, ICT consulting does not appear to have any impact of the innovative activity reported by the sampled firms. However, due to the many different consequences that consulting can have on firms' performance, it is reasonable to suspect the presence of endogeneity in the estimation approach.
Results
In order to consider the potential endogeneity, column 2 instruments ICT consulting with the existence of consulting activities related with the Y2K phenomenon in the year 2000 (i.e. first stage). In contrast with the theoretical model, column 2 shows that low productivity firms do not exhibit a higher tendency to contract ICT consulting. 22 Column 3 consider the case of homogeneous treatment (i.e. specification presented in equation (19)), using the propensity score as instrument. That is, it is assumed that all firms are affected equally by the contracting of ICT consulting. In this case, ICT consulting seems to affect the value of introduced product innovations negatively (coeff.: -0.26, std. error: 0.09). This result states that, on average, contracting ICT consulting reduces the value of the introduced product innovation by 26%. For example, for the average value of the introduced innovation, this result is equivalent to a reduction from 137 to 96 thousand euros.
In addition, the results suggest that ICT still promotes the innovative capabilities at the firm level. As the results from column 3 show, PCW and CRM affect positively the value of introduced product innovations (coeff: 0.13, std. error: 0.03, and coeff: 0.03, std. error: 0.02, respectively). Note that CRM is an ICT application oriented at improving the communication of the firm with final consumers and, thus, this result is in line with the expected impact of such applications. Moreover, not surprisingly, the variable indicating that the firm introduced product innovation during the period 2001-2003 is also positive and significant (coeff: 0.11, std. error: 0.02), suggesting the positive impact of experience in innovative efforts.
One of the potential hypothesis that can explain the negative (average) impact of ICT consulting suggests that, through consulting, firms optimize their innovation portfolio. By applying the knowledge acquired from the contracting of ICT consulting, firms are able to concentrate on their core competencies, reducing the risk associated with innovative activities. This hypothesis is supported by the additional result (not reported) that ICT consulting does not increase neither the probability of introducing product innovation or the number of such innovations.
The previous result was obtained under the assumption that ICT consulting affects firms equally. Column 4 departs from this assumption and considers the case of heterogeneous treatment (i.e. specification presented in equation (20)). Under this specification, the analysis attempts at recovering the impact of ICT consulting on the value of introduced innovations under the assumption that firms benefit differently from such consulting but still recovering the value of the average treatment effect. The main result is robust to this consideration. That is, ICT consulting affects the value of introduced product innovations negatively (coeff.: -0.25, std. error: 0.14). Under this specification, surprisingly, PCW and CRM do not affect innovative activities, while SCM does (coeff: -0.18, std. error: 0.10). Note that the marginal effect of SCM is close to zero, once the specification for the heterogeneous treatment effect is considered. Under this specification presented in column 4, ERP appears to increase the value of the introduced product innovations by 18% for firms that contracted ICT consulting.
Columns 5 and 6 consider the case of homogeneous and heterogeneous treatment effects in the presence of correlated random coefficients (i.e. specifications presented in equations (21) and (22)). As the result of column 4 shows, ICT consulting affects the value of introduced product innovations negatively (coeff.: -0.26, std. error: 0.09) indicating the robustness of the previous results and the irrelevance of considering a correlated random coefficient specification.
In sum, ICT consulting appears to negatively affect the value of introduced product innovations, even though the adoption of ICT appears to clearly support innovative activities. This result suggests that ICT consulting helps the firms to optimize their innovation portfolio, by allowing those firms to concentrate on less risky innovative efforts. As will be further discussed below, this hypothesis is consistent with the findings that ICT consulting does not increase neither the probability of introducing product innovation nor the number of such innovations, while at the same time increases firm productivity and outsourcing activities that may compensate a less risky innovative strategy. Table 4 only considered the impact of ICT consulting on the value of introduced product innovations. However, the data also allows the analysis to include the impact of ICT consulting on the value of introduced process innovations. Table 5 provides the results of such analysis. In particular, the dependent variable in Table 5 corresponds to the percentage of cost reductions achieved in 2006 from the introduction of process innovations during the period [2004] [2005] [2006] . The empirical strategy is the same as the one presented in column 4. That is, the average treatment effect was estimated, considering the role of firm unobserved heterogeneity from equations (19)- (22) .
As before, column 1 of Table 5 presents the results of the benchmark OLS estimations. Given the suspected presence of endogeneity, the results are the same as those presented in Table 4 . Under OLS, ICT consulting does not appear to have any impact on the value of process innovations introduced. Column 3 extends the analysis and considers the estimation of the (homogeneous) average treatment effect with an instrumental variables strategy. As before, the instrument employed corresponds to the presence of consulting activities related with the Y2K phenomenon in the year 2000.
Consistent with the results reported in Table 4 , column 3 of Table 5 shows that ICT consulting affects the value of the introduced process innovations negatively (coeff.: -0.06, std. error: 0.03). Interestingly, the adoption of ICT positively affects the value of such innovations. In particular, PCW (coeff: 0.03, std. error: 0.00), ERP (coeff: 0.03, std. error: 0.00), SCM (coeff: 0.01, std. error: 0.00) exhibit a positive effect on the value of such innovations. Note that in this case (i.e. value of process innovations) only ICT variables related with the production process, as opposed to the relationship with clients (e.g. CRM), evidence a positive impact. In addition, the introduction of process innovations during the period 2001-2003 is also positive and significant (coeff: 0.02, std. error: 0.00), suggesting, again, the positive impact of experience in innovative efforts.
Under the hypothesis that ICT consulting helps firms to optimize their internal structure, this result is not surprising. Moreover, a dummy variable indicating firms whose productivity level in 2003 was within the 50th percentile of its distribution is also positive and significant (coeff: 0.01, std. error: 0.00). This finding points to higher innovative efforts by low productivity firms, as a strategy to improve their competitiveness. This result is consistent with the insights from the theoretical model when y * 1 < y * 2 under a particular parameter configuration. Additional results of column 3 show that firms which reported exporting activities in 2003 and firms in the service sector, evidenced a lower value of process innovations introduced during 2004-2006. Column 4 presents the results under heterogeneous treatment and, not surprisingly, shows that ICT consulting affected the value of process innovation negatively (coeff: -0.09, std. error: 0.05). Note that under heterogeneous treatment (i.e. accounting unobserved firm heterogeneity in the impact of ICT consulting), the impact increases by 50%, from -0.06 to -0.09, although the interaction terms showed no significance. This result suggest that for the case of process innovations, unobserved heterogeneity is an important factor not accounted by the available data. Columns 5 and 6 report the analysis under correlated random coefficients without any evidence of it. In sum, Table 5 corroborates the results presented in Table 4 , showing some interesting differences in the impact of ICT consulting on process innovations in comparison to product innovations.
Conclusions
This paper studies the economic impact of the decision to contract ICT consulting. In spite of the fast technological progress in the ICT producing sector and the apparent recent economic importance of ICT consulting, this paper represents a first attempt to quantify its economic benefits. In particular, the paper develops a theoretical model that explains the effect of this decision on firms' innovative incentives and estimates some of its predictions for a sample of German firms. The analysis provides three main results. First, the results of the theoretical model show that ICT consulting increases aggregate incentives to innovate. This result is not corroborated by the empirical application. In particular, ICT consulting does not exhibit any impact on the probability of introducing product or process innovations nor on the number of such innovations. Interestingly, the results show that ICT consulting actually affects negatively the value of the introduced product and processes innovation. Second, the theoretical model suggests that low productivity firms might evidence either lower, unaffected or higher incentives to innovate. The empirical application shows that low productivity firms exhibit higher incen-tives to innovate. Third, although the theoretical analysis shows that the lower the productivity level the more the incentives to contract ICT consulting, the empirical evidence is inconclusive on this matter. These results suggest that firms optimize their innovations portfolio through ICT consulting. Robust standard errors are reported in parenthesis. Column 2 estimates the probability of contracting ICT consulting including the instrument Y2K. Robust standard errors are reported in parenthesis. Column 2 estimates the probability of contracting ICT consulting including the instrument Y2K.
